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Abstract
The current study explored possible sources of demographic eVects through analyses of errors from modiWed formats of the Benton
Visual Retention Test (BVRT) completed by African American elders. Results indicate that: (1) reading level was a stronger predictor of
BVRT performance than years of education; (2) on the single-item matching format of the task, individuals with lower reading levels dis-
proportionately produced errors on items that diVered in geometric, rather than spatial features; and (3) on a multiple-choice matching for-
mat, individuals with lower reading levels committed more errors on items where the target was located in the lower half of a 2£2 matrix.
  2005 Elsevier Inc. All rights reserved. 
Keywords: Visuoperception; Demographic inXuences; Error analysis; Literacy1. Introduction
Tests that utilize visual, as opposed to verbal, stimuli
are commonly used in neuropsychological evaluations.
These tests are especially useful for evaluating lateralized
cognitive impairments as well as speciWc learning disabil-
ities (Lezak, 1995). The Benton Visual Retention Test
(BVRT; Benton, 1955, Benton, Hamsher, De, Varney, &
Spreen, 1983) is a commonly used visual test that
assesses short-term/working memory, visuoperception,
and visuoconstructional abilities. While the relationship
between age, education, and BVRT performance is well
documented, to date, few studies have attempted to iden-
tify the mechanisms that underlie this eVect.
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doi:10.1016/j.bandc.2004.12.003The BVRT has been used internationally to detect
and monitor neurodegenerative diseases such as Alzhei-
mer’s disease (Hasse-Sander, Horn, Mueller, & Schroe-
der, 1996; Robinson-Whelen, 1992; Stern et al., 1992;
Zappala, Measso, Cavarzeran, & Grigoletto, 1995).
Originally designed as a reproduction task, the BVRT’s
vast popularity is attributable, in part, to its alternate
forms and varied administration formats (e.g., immedi-
ate reproduction after either a 5 or 10 s exposure period,
delayed reproduction, or copy), which allow for repeat
administrations with reduced practice eVects. The
BVRT, like most neuropsychological measures, is sensi-
tive to a number of demographic factors. Numerous
studies document decreased accuracy with increasing
age and increased accuracy with higher levels of educa-
tion (Coman et al., 1999, 2002; Resnick, Trotman,
Kawas, & Zonderman, 1995; Youngjohn, Larrabee, &
Crook, 1993). There is no evidence that gender is related
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inXuence of age and education (Coman et al., 1999). In
an eVort to better understand the relationship between
education and BVRT performance, Le Carret et al.
(2003) utilized a multiple-choice recognition format of
the BVRT to determine whether the observed educa-
tional advantage was related to enhanced executive
working memory abilities or improved visual discrimi-
nation among elders with higher levels of education. In a
study with 829 non-demented participants, the authors
found that elders with fewer years of education were dis-
proportionately less accurate than those with higher
education on items where the correct response appeared
in the bottom half of a 2 £ 2 matrix, suggesting that the
inXuence of education on BVRT recognition perfor-
mance is mediated by test taking skills involving an exec-
utive search strategy.
Though education level has been documented to be a
powerful predictor of cognitive test performance, research
by our group reveals that literacy and reading level are
more accurate reXections of actual academic achievement
than years of education (Manly et al., 1999; Manly,
Jacobs, Touradji, Small, & Stern, 2002). This is especially
true for African American elders whose educational
opportunities were limited due to historical factors such
as segregation (Anderson, 1988). Available evidence dem-
onstrates that the relative inXuence of reading level on
cognitive test performance is stronger than the inXuence
of years of education. Statistically controlling for reading
level attenuates ethnicity related test performance diVer-
ences for groups matched on years of education (Baird et
al., 2004; Manly et al., 1999). Therefore, reading level,
rather than years of education, is likely to provide greater
insight into the sources of education- and ethnicity-
related performance variability on neuropsychological
tests, including visual tasks such as the BVRT. Further,
measures of reading achievement correlate with overall
academic achievement (Wilkinson, 1993) and with direct
measures of quality of education such as pupil expendi-
tures, teacher/student ratios, and teacher education
(Hedges, Laine, & Greenwald, 1994). The current study
uses the Reading Recognition subtest from the WRAT-3
(Wide Range Achievement Test-Version 3) as an estimate
of quality of education, since this measure and other
WRAT scores have been found to remain relatively stable
over time (Johnstone & Wilhelm, 1996; Wilkinson, 1993).
There is ample evidence documenting the impact of
reading skill on non-reading related cognitive ability.
Studies with international samples of adults and children
demonstrate that literacy, independent of formal school-
ing, inXuences generalized cognition, and possibly cere-
bral organization such that diVerential processing styles
and skills emerge in people with low or no literacy skills
(Ostrosky-Solis, Ardila, Rosselli, Lopez-Arango, &
Uriel-Mendoza, 1998; Pontius, 1995, 1997; Rosselli,
1993; Rosselli & Ardila, 2003). One consistent Wnding isthat literacy aVects the temporal and spatial processing
of visual, non-lettered information (Ardila, Rosselli,
& Rosas, 1989; Au & Lovegrove, 2001; Conlon, Sanders,
& Zapart, 2004; Matute, Leal, Zarabozo, Robles, &
Cedillo, 2000; Reis, Guerreiro, & Castro-Caldas, 1994).
Therefore, it is possible that the impact of reading level
on BVRT performance is mediated through diVerences
in the perceptual processing of test items that vary in
spatial and geometric characteristics. The present study
evaluated this association by examining the ability of
elders with a wide range of reading skills to accurately
match BVRT items that diVer with respect to shape and
order.
In addition to the education eVect, ethnicity also
inXuences performance on the BVRT. We have found
that non-demented African American and Hispanic
elders achieve signiWcantly lower scores than Caucasians
on the recognition format of the BVRT (Manly et al.,
1999, 2002; Stern et al., 1992; Stricks, Pittman, Jacobs,
Sano, & Stern, 1998). However, the mechanism for this
eVect is not yet known. Detailed qualitative analysis of
errors made during the BVRT may shed light on the
underlying causes of ethnic diVerences by identifying
speciWc mechanisms responsible for lower scores. Prior
studies of demographic inXuences on the BVRT were
either completed in exclusively Caucasian samples
(Resnick et al., 1995; Robinson-Whelen, 1992) or the
ethnicity of the samples was not reported (Coman et al.,
2002). Therefore, the inXuence of basic demographic
variables on BVRT performance in African Americans
remains unclear.
The current study utilized delayed recognition and
matching formats of the BVRT to identify speciWc
sources of performance variance in an elderly African
American sample. BVRT stimuli were chosen due to
the geometric simplicity of the Wgures and the docu-
mented diVerences on this test between elders of diVer-
ent ethnic groups (Stern et al., 1992). Further, the
recognition format of testing, relative to the drawing
response format, eliminates the inXuence of visuomotor
and manual dexterity problems common in the elderly
(Benton et al., 1983). We wanted to determine which
stimulus features participants used to distinguish test
items and whether the use of these features varied with
reading level. The following hypotheses were tested: (1)
reading level will emerge as a stronger predictor of
BVRT performance than years of education; (2) elders
with lower reading levels will demonstrate a unique
pattern of perceptual processing by failing to success-
fully discriminate stimuli that diVer in both spatial and
geometric characteristics; and (3) consistent with
results from Le Carret et al. (2003), individuals with
lower reading levels will demonstrate less eVective
response search strategy by producing fewer successful
responses to target items appearing in the lower half of
2 £ 2 response matrices.
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2.1. Research participants
The study sample was comprised of 100 non-demented
African American participants in the Washington
Heights-Inwood Columbia Aging Project (WHICAP), a
community-based, epidemiological study of dementia in
Northern Manhattan, New York. The WHICAP study
follows a random sample of elderly who received or were
eligible for Medicare and resided in selected census tracts
of Washington Heights and Inwood. The mean age of the
participant group was 75.5 years (SDD6.1, range D65–
91) and all elders spoke English as their primary lan-
guage. Ethnicity was determined by self-report following
US Census criteria (United States OYce of Management
and Budget, 1997). Only those participants who identiWed
themselves as non-Hispanic Black were eligible for the
current study. The self-reported education level of the
group was 12.5 years (SDD3.4, rangeD5–20 years). The
sample was 77% female.
2.2. Inclusion/exclusion criteria
Potential participants were excluded if they had a his-
tory of Parkinson’s disease, stroke, alcohol abuse, or
serious mental illness such as depression or schizophre-
nia. Further, only those participants who exhibited no
neurological or functional signs of dementia were
included in the study. This determination was made on
the basis of a clinical examination by our research physi-
cians, which included a cognitive screening exam
(Blessed, Tomlinson, & Roth, 1968) and ratings of daily
functioning (Schwab, England, Gillingham, & Donald-
son, 1969). The research physician’s diagnosis was used
as a “gold standard” for the absence of dementia, since
the physician’s assessment was made independent of the
participant’s performance on the neuropsychological
battery. Finally, participants who experienced diYculty
viewing the BVRT stimuli were excluded.
2.3. Measures
The standard 10-item multiple-choice delayed recog-
nition format of the BVRT, as well as two experimental
tasks based on BVRT stimuli and procedures, were uti-
lized in this study. The experimental formats were cre-
ated to allow for more detailed exploration of the
sources of errors on the standard BVRT.
2.4. Multiple-choice matching format BVRT
For this experimental version of the task, participants
were simultaneously presented with a single Wgure from
the BVRT (Form C) and a multiple-choice array of three
distractors and one target item in a 2 £ 2 matrix. Theseven target items chosen for this task were items that
demonstrated the greatest ethnicity eVects in a prior item
analysis of responses to the BVRT delayed recognition
format (Jacobs, personal communication, October,
2003). The seven items, two of which contained single
Wgures and Wve were multi-Wgured, were presented over
15 trials. The four items that contained the most com-
plex arrangement of Wgures were repeated three times
throughout the test, each time with a diVerent set of dis-
tractors. Participants were given the following instruc-
tions “See this shape up here (point)? See these four
shapes down here? One of these four small shapes is the
same as this one up here (point). Which of these four
shapes down here is the same as this one up here?” No
practice trials were administered. Correct scores were
calculated as the number of correctly matched targets.
The correct answer appeared in quadrant A in three tri-
als, quadrant B in four trials, quadrant C in three trials,
and quadrant D in Wve trials.
2.5. Single-item matching BVRT
A forced-choice, single item visuoperception task was
experimentally developed by one of the authors (D.J.) to
assess participants’ ability to accurately discriminate
same and non-same Wgures. The single item format con-
sisted of the seven target items from the matching test
described above. The items were presented over a total
of 73 trials in one of three conditions: Wgure was identi-
cal to target (n D 22), Wgure diVered from target with
respect to shape of Wgure [shape distractors, (n D 29)],
and Wgure diVered from target with respect to spatial
arrangement/order of shapes [order distractors, (n D 22)].
Participants were read the following instructions: “I
want you to tell me if the Wgures down here (point) are
exactly the same as the Wgures here (point to target). To
be exactly the same, it has to be all of the same Wgures,
oriented in the same direction, and presented in the same
order.” A learning trial of three example items was
administered, during which feedback was provided (rein-
forcement or explanation and correction, if necessary).
Feedback was not provided during the actual test. If par-
ticipants failed to learn the task during the sample trials,
test items were not administered. Responses to each of
the single-item matching trials were a verbal reply of
“Yes” or “No.”
2.6. Multiple-choice delayed recognition format BVRT
Participants were shown a target stimulus from Form
D of the BVRT (Benton, 1955) for 10 s, after which it
was removed from sight. The participant was then asked
to identify, from memory, the target design from a four-
choice array presented in a 2 £ 2 matrix. All stimuli were
two-dimensional line drawings of familiar geometric
shapes (i.e., circles, rectangles, triangles, etc.). Target
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were presented on 8.5 £ 11 paper; the size of the response
stimuli was 25% of the original. This test consisted of 10
items. The test instructions were, “Now I am going to
show you a design for 10 s and then I am going to
remove it and ask you to recall it from memory. I will
ask you to choose the one that is the exact match. Look
carefully so that you will be able to remember the design.
Which one looks exactly like the one you just saw?”
Total score was calculated as the total number of cor-
rectly identiWed items. Participants’ responded by point-
ing to the desired response box. No response time limit
was imposed.
2.7. Reading skill
Reading skill was measured using the Reading Rec-
ognition subtest from the Wide Range Achievement
Test—Version 3 (WRAT-3; Wilkinson, 1993), which
required participants to name letters and pronounce
words out of context. The words were listed in order of
decreasing familiarity and increasing phonological com-
plexity. Consistent with the standard administration, a
basal of Wve correct items and a ceiling of 10 incorrect
items was used. Raw scores were converted to grade
equivalent scores that reXect grade year and month,
derived from the WRAT-3 normative sample of people
aged 65–74 years. The lowest possible grade and month
equivalent was 4.1 while the highest equivalent was post-
High School.
2.8. Statistical procedures
Separate simultaneous multiple regression analyses,
with age, years of education, and reading scores as pre-
dictors, were used to evaluate the relative importance of
these variables to performance on the BVRT recognition
and matching tests. To investigate the impact of reading
levels on error type, participants were categorized into
tertile groups (low, medium, and high) based upon the
distribution scores on the WRAT-3. ANOVA and 2
analyses were used to compare age, years of education,
and gender compositions of the reading groups. Group
diVerences in error type were evaluated using MAN-
COVA, with age, and years of education as covariates.
3. Results
3.1. Reading level vs years of education
To demonstrate the extent of the discrepancy between
years of education and reading level, the frequency of
elders who earned grade equivalent reading scores at
least one full year above or below their reported years of
education was computed. Forty-four percent of eldersearned reading scores that were below their years of edu-
cation, 29% earned scores that corresponded to their
completed educational level, and 27% earned scores at
least one year above their reported educational level.
3.2. Demographic predictors of BVRT matching and 
recognition performance
Three separate multiple regression analyses were per-
formed for the BVRT multiple-choice matching, single-
item matching, and recognition formats. Age, years of
education, and reading level were simultaneously
entered into each regression equation. Reading skill
emerged as the single signiWcant predictor of perfor-
mance for the multiple-choice matching (D .39, p < .01),
single-item matching (D .43, p < .01), and delayed rec-
ognition tests (D .51, p < .01). Neither age nor years of
education entered the regression equation as contribut-
ing independent predictive value to test performances at
the .05 level.  Values for all predictor variables are pre-
sented in Table 1.
3.3. Reading level and error type
Readers were grouped into high, medium, and low
groups based upon WRAT-3 performance (see Section
2). Elders in the high reading level group were signiW-
cantly younger than elders in the medium reading level
group (F (2, 92) D 4.25, p < .05). As expected, the low
reading level group had completed signiWcantly fewer
years of education than the medium and high reading
level groups (F (2, 92) D 7.30, p < .01). Gender composi-
tions did not diVer signiWcantly among the reading
groups (p > .05). The BVRT single item matching format
was used to examine the frequency of speciWc error types
in each group. A 3 (reading level) £ 3 (test condition)
MANCOVA, with years of education and age as covari-
ates, was used to compare the performance of the read-
ing groups on accuracy (hits and correct rejections)
within the three conditions. Results reveal an omnibus
eVect of reading level (F (6, 172) D 2.99, p D .008). As pre-
sented in Table 2, univariate follow-up tests indicate that
the low reading group made signiWcantly more errors
than the medium and high level reading groups on items
in the shape condition, in which the response item
diVered from the target with respect to shape of the
Wgure (p < .01). Reading level did not have a statistically
Table 1
Demographic predictors of BVRT performance: multiple regression









Multiple-choice matching .14 ¡.10 ¡.01 .39¤
Single-item matching .16 ¡.02 ¡.01 .43¤
Recognition .33 ¡.12 .09 .51¤
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tions (p > .05).
3.4. Reading level and error location
Elders in the low reading group earned signiWcantly
lower scores on the BVRT multiple-choice matching
format than the medium and high reading groups
(F (2, 91) D 11.9, p < .01), which did not diVer from one
another. As a qualitative exploration of the source of
this diVerence, accuracy in each of the response quad-
rants was examined within each reading level group.
Accuracy was deWned as the proportion of correct
answers in each quadrant. Proportionate, rather than
raw values were used for analyses because the location
of the target Wgure among the distractors was not
evenly dispersed throughout the quadrants. The low lit-
eracy group was less successful at detecting targets
when they appeared in the lower two quadrants (aver-
age success rate for lower quadrants D 79%, upper
quadrants D 92%). The medium and high literacy
groups demonstrated practically identical success rates
in the quadrants (medium group: average success rate
for lower quadrants D 94%, upper quadrants D 95%;
high group: lower quadrants D 95%, upper quadrants
D 99%; see Table 3).
4. Discussion
The current study explored the relationship between
age, education, reading level, and performance on tests
of visuoperception (modiWed formats of the BVRT).
Given reported diVerences between African American
and Caucasian elderly on the BVRT (Manly et al., 2002;
Table 2
Reading level and accuracy on single-item matching BVRT by
condition
¤¤ p < .01.
Low reading
level (n D 32)
M (SD)
Medium reading
level (n D 33)
M (SD)
High reading
level (n D 29)
M (SD)
Same (max D 22) 21.3 (1.1) 21.5 (.91) 21.5 (1.4)
DiVerent order
(max D 22)
20.5 (4.3) 21.8 (.44) 21.6 (1.7)
DiVerent shape¤¤
(max D 29)
26.6 (2.6) 28.2 (1.0) 28.7 (.54)
Table 3
BVRT Multiple-choice recognition: proportionate accuracy by
response location
Low reading
level (n D 32)
Medium reading
level (n D 24)
High reading
level (n D 24)
93% 91% 96% 93% 100% 94%
81% 77% 93% 94% 94% 97%Stern et al., 1992), this study was completed with an Afri-
can American sample to identify possible sources of pre-
viously reported, relatively lower group performance on
this test.
Consistent with prior reports of the augmented
importance of reading level over years of education
(Manly et al., 1999), results from this study indicate that
reading level is a better predictor of BVRT matching
and delayed recognition performance than years of edu-
cation. When age, education years, and reading level
were evaluated for their BVRT predictive value, reading
level emerged as the sole signiWcant predictor for both
the matching and recognition formats of the test. This
result demonstrates the importance of reading level to
non-verbal/visual tests and suggests that reading level,
more so than education level, should be considered
when estimating expected cognitive test performance.
This is especially true among ethnic minorities, who,
because of historical disparities in educational quality,
often demonstrate signiWcant discrepancies in the quan-
tity and quality of their educational experiences. The
impact of unequal educational quality on achievement,
test performance and other outcomes (wage earnings) in
African Americans is well documented (Baker, John-
son, Velli, & Wiley, 1996; Hanushek, 1989; Margo,
1985). Importantly, 44% of our sample were currently
reading at levels that were more than one year below
their reported years of school and are at increased risk
for false positive diagnoses. Likewise, 27% of the sample
had reading levels that were higher than their reported
years of education and are equally at risk for false nega-
tive diagnosis given that performance expectations may
be lower than their true baseline ability. In all, results
from this study support the use of reading level, rather
than completed years of education, to establish premor-
bid performance expectations and to assist with neuro-
cognitive diagnoses.
Since the delayed recognition format of the BVRT is
somewhat complex, we developed a single-item match-
ing format using BVRT stimuli to determine the speciWc
conditions under which errors are made. The presence of
any diVerences on this task is noteworthy because this
simpliWed version contained signiWcantly decreased cog-
nitive demands; elders had to decide whether two basic
geometric Wgures, presented simultaneously, were
exactly the same. DiVerences between the target and dis-
tractor items were not subtle but were largely apparent
(i.e., a square versus a circle). Results reveal that elders
with lower reading levels made more errors on items that
diVered in geometric properties (i.e., a circle versus a
square) but not those with diVerent spatial arrangements
(i.e., circle–triangle–circle versus triangle–circle–circle).
The speciWcity of this response bias is further evidenced
by the absence of group diVerences in the ability to accu-
rately identify matching Wgures that diVered in the spa-
tial arrangement of the shapes. Since elders with lower
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tial arrangement details to determine sameness, it
appears that increased reading level is associated with
enhanced accurate perception or salience of shapes. Evi-
dence from other studies supports this notion. Matute et
al. (2000), in their examination of illiterate, semi-literate,
and literate adults, report that errors of global Wdelity
(inability to holistically recreate a model) in a stick Wgure
test, were more discriminative of the literacy groups than
errors of spatial rotation or distortion, suggesting a spe-
ciWc perceptual diVerence between the groups. Addition-
ally, Pontius (1997) compared schooled literate to
unschooled illiterate Ethiopian adolescents on their abil-
ity to complete the Kohs Block Design test and reported
that illiterates’ were able to accurately reproduce the
overall conWguration of the designs yet their errors on
the task generally neglected internal geometric shapes
present in the target designs. In all, the source of the lit-
eracy eVect on visual discrimination for geometric
shapes appears to be related to variation in geometric
perception rather than generalized decreased spatial
ability.
As hypothesized, reading level was related to search
strategy on the BVRT multiple- choice matching test.
Elders with lower reading levels were less accurate when
the correct response appeared on the bottom half of the
2 £ 2 response display. These Wndings replicate those
from the study by Le Carret et al. (2003), where even
larger discrepancies were observed in the search strat-
egy of French elders with diVerent educational levels on
a similar task. DiVerences between our Wndings and
those of Le Carret et al. (2003) may be attributable to
diVerences in sample sizes as well as diVerences in the
distribution of educational/reading levels. Also, the
former study employed a 10-item multiple-choice
matching test while our study used a 15-item test.
Despite the diVerences in the magnitude of Wndings, the
pattern of results is similar. One possible explanation
for the diVerential search strategies by reading level, as
Le Carret et al. (2003) propose, is that increased reading
or educational level enhances the executive control
component of working memory, resulting in elders with
more education or higher reading skill, to demonstrate
more a test taking skill that includes searching response
displays more thoroughly, which is a more eYcient test
taking strategy. Our working model of the relationship
between reading level and performance on measures
such as the BVRT uses as its basis a model of the work-
ing memory system proposed by Engle, Tuholski,
Laughlin, and Conway (1999). In this model, heuristics,
or search strategies and skills such as grouping,
rehearsal, and coding are hypothesized to be involved in
structuring and maintaining memory traces. We
hypothesize that the development of literacy skills
greatly aids in the acquisition of heuristics and thus,
better test taking strategies. The degree to which heuris-tics have become automatic and routine determines
whether executive attention is required to maintain
those memory traces. We propose that among adults
with high reading levels, heuristics are developed to the
point where a task such as the BVRT may be largely
routine and involve only minimal memory and visual
processing resources. Among low literacy individuals
with poorly developed heuristics, meeting the task
requirements of the BVRT may require additional allo-
cation of attention by the central executive (Van den
Broek, Young, Tzengy, & Linderholm, 1999). A study
by Ostrosky-Solis, Efron, and Yund (1991) supports the
assertion that reading level inXuences search strategies
on a visual task involving non-verbal stimuli. These
investigators found that the sequence of visual scan on
a non-verbal target detection task that involved dis-
crimination of patterns was more consistent across liter-
ate subjects than among illiterate subjects. In other
words, there was more variability in the scanning
sequence used by illiterates than among literates, which
could further contribute to less developed search strate-
gies and test taking skills. Another possible explanation
for this pattern of results is that individuals with lower
reading levels are more likely to mistakenly choose one
of the Wrst shapes attended to, thus discontinuing their
search of all available options. Additional research is
necessary to test these possible explanations.
The current study, through the use of qualitative and
quantitative methods, reveals that reading level is an
important reXection of mechanisms responsible for var-
iation in performance on visuoperceptual tests. Elders
with lower reading levels made disproportionately more
errors on items that diVered in simple geometric shape
during a single-item matching task and demonstrated a
diVerential visual search pattern than elders with higher
reading levels. The current results provide several direc-
tions for future research. It will be useful to characterize
visuoperceptual performance patterns in the extreme
case of illiteracy such as those with minimal or no read-
ing or writing skills. Additional research with carefully
designed experiments is necessary to isolate search
strategy from generalized poor shape recognition skills.
For example, it would be informative for future studies
to record eye movements (Rayner, 1998) and timed
responses to multiple-choice, visual search tasks using
verbal, and non-verbal stimuli (such as the Sternberg
paradigm) to examine the relationship between literacy
and the cognitive processes that underlie performance
on more complex visuoperception tasks. Also replica-
tion of these Wndings with larger and more ethnically
diverse samples using varied visual stimuli is necessary
before the present results can be generalized. Although
our study was completed with an entirely African
American sample, we expect these patterns of results to
apply to other ethnicity groups with varied reading
levels.
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